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ABSTRACT 



A procedure and method for eliciting expert information on 
process capability and thereafter manipulating the elicited 
information in such a manner that it can effectively be used 
in a process capability database that is operating in a six 
sigma regime. Ilie manipulation preferably includes con- 
verting the expert elicited information from a tolerance-type 
metric to a short term standard deviation (or sigma) metric, 
whereby the result of the manipulation is used to populate 
directly a process capability database and, as appropriate, 
thereby augment, replace or modulate the data already stored 
therein. 
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METHOD FOR CREATING A PROCESS BRIEF DESCRIPTION OF THE DRAWINGS 

CAPABILITY DATABASE mr^ i u i a- , 

FIG. 1 IS a schematic block diagram of process steps in 

accordance with a preferred embodimeDt of the present 

BACKGROUND OF THE INVENTION invention. 

This invention relates to creating and updating a process FIG. 2 is one exemplary database schema in accordance 

capability database including the collection of expert with a preferred embodiment of the invention, 

knowledge, which database is used by design engineers in ipiQ 3 exemplary graphical user interface for 

the course of designing and manufacturing parts or features depicting a hierarchical structure for a database schema in 

of parts that are quahty controUed preferably usmg a six .^^rdance with a preferred embodiment. 

Sigma quality control regime. *^ 

Process capability refers to the accuracy or tolerance by DETAILED DESCRIPTION OF THE 

which a manufacturing process can fabricate parts or fea- INVENTION 
turesof parts. Process capability information is crucial to the 

quality design of products that depend on these parts and accordance with an embodiment of the present 
features. Known procedures allow calculation of process 15 invention, there is provided a method by which a process 
capability via careful measurement of features manufacmred capability database is populated with data that has been 
by the process. This is a time consuming process which, manipulated and/or assimilated in particular ways to permit 
whenproperlydone,requiresmeasurementover a numberof eflScient and meaningful use of that data in the overall 
potentially confounding variables such as time of day, day of database. Specifically, in a preferred embodiment of the 
week, shift, environment, etc. When a manufacturing firm 20 invention, in addition to conventionally acquired data about 
develops a wide variety of products, a significant effort must particular manufacturing processes, expert opinion on pro- 
be expended before quality design procedures can be cess capability is elicited in the form of tolerance informa- 
employed. tion. This tolerance information is thereafter converted into 

In an effort to streamline process capability knowledge, a short term sigma metric so that the data can effectively be 

there has been employed the use of "expert" knowledge to 25 incorporated into an overall process capability database 

augment existing sources of information relating to process predicated on a six sigma quality model, 

capability. For example, Zucherman (SME paper MS86- Referring now to FIG. 1, there is shown a plurality of 

951, "A Knowledge Base Development for Producibility steps in accordance with a preferred embodiment of the 

Analysis in Mechanical Design") describes the use of an present invention. In step 200 a database schema is devel- 

expert system to analyze a design from a producibility 30 oped that will form the basis of a process capability database 

standpoint. However, this document does not describe the (not shown). FIG. 2 shows one possible database schema, 

acquisition of process capability data and/or any subsequent with respect to mechanical manufacture, that can be used in 

manipulation of that acquired data to properly populate a the method depicted in FIG. 1. The schema of FIG. 2 is 

database used for assessing process capability. discussed below in detail. 

U.S. Pat. No. 5,452,218 to Tucker et al. describes a system ^5 As an example, preferably there are at least seven major 

and method for determining quality analysis on fabrication processes that are susceptible to six sigma-type quality 

and/or assembly design using shop capability data. In the control and that are pertinent to the preferred embodiment: 

scheme disclosed by Tucker et al., which is applicable to a Fabrication 

six sigma quality model, there is an opportunity to consult Machining 

with a process consultant with respect to information not 40 

found in a previously prepared database. However, except ^ c • k- 

for noting that consultation can be effected via e-maU or ^>urface Finishing 

electronic message. Tucker et al. do not address any details Printing/Marking 

regarding the input of expert information into a database, or Powder Metallurgy 

the desirability of any particular manipulation of the 45 Drawing/Extmding. 

obtained information that is input, especially in view of a six Each process preferably further is broken down logically 

sigma quality control approach. as appropriate. Thus, under Fabrication the following cat- 

SUMMARY OF THE INVENTION ^Sories are possible: 

. ^ J . . , , , - Subprocesses (Fabrication:stamping) 

It IS therefore desirable to provide a procedure and 50 , , . , \ . , . 

method for eliciting expert opinion on process capability and Various methods or miplementations of subprocesses 

thereafter manipulating the eHcited information in such a (Fabrication :stamping:single die) 

manner that it can effectively be used to populate a process Material (Fabrication: stamping:single die:ferrous) 

capabihty database, operating in a six sigma regime, that is Specific material type (Fabrication :stamping:single 

accessed by at least design and process engineers. The 55 die:ferrous:hard) 

manipulation preferably includes converting the expert elic- Feature (Fabrication:stamping:single 

ited information from a tolerance-type metric to a short term die: ferrous: hard: hole) 

standard deviation (or sigma) metric, whereby the result of Feature range (Fabrication:stamping:single die:ferrous:h- 

the manipulation is used to populate directly a process ard:hole:diameter<0.25 in). 

capability database and, as appropriate, thereby augment, eo These hierarchical levels are arranged such that they can be 

replace or modulate the data already stored therein. stored in the process capability database and displayed on a 

With this method, the knowledge of experienced manu- computer system accessible to design engineers, for 

facturing and design engineers can rapidly fill a process example. An exemplary graphical user interface (GUI) for 

capability database for a large number of parts and features depicting the stored hierarchy and associated data is shown 

across multiple processes. This provides not only a basis for 65 in FIG. 3. Any suitable database program running on a stand 

quality design, but an initial benchmark for process alone or networked computer can be implemented to run the 

improvement. process capability database and associated GUI. 
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In FIG. 3 there is shown, in addition to the data discussed with a normal process that has short term standard deviation 

herein regarding the process capability database, other elc- of x/4. Traditional manufacturing has depended on incoming 

ments relating to quality control predicated on a six sigma inspection and the use of operational curves to balance 

model. Forexample, the GUI preferably includes indications producer/consumer risk. These curves are based on the 

of an entitlement standard deviation, worst case/RSS (root 5 assumed underlying process capability of the producer. For 

sum of squares) limits, worst case/RSS Hmits^tretch example, common levels in use involve a sampling plan 

(where "stretch" refers to a predetermined margin), future (acceptance quality level) of 0.65% to 1%. ITiis relates 

entitlement standard deviation and/or the underlying distri- ^ ^ ^^^^^ capability (AQL levels tend to be 

buuon type, e.g. normal Gaussian j.^^ ^ ^^^^ ^^^^^^^^^ ^ ^^^^^^ 

Referring agam to FIG. 1, after the database schema or 10 ... r s cn^crr* i//r -i i 

structure is developed, the process capability database is ^^^^'^'^^^ ^^""^^^ 1^ cf'/%^To J^L 

populated in step 210. At this stage, the data used to populate P"'^^ capability of 2.58a to 2.72a, which relates to 

the database is that which is considered to be readily a short term sigma of 4a to 4.2a. 

available, such as data gleaned from engineering handbooks ^" ^^^^ °^ ^^^P ^"^^ ^^S™^ 

or manufacturer's specifications. On-line services, via the 15 obtained by dividing the tolerance mformation provided by 

Internet, may also be used to gather the desired data. The ^^P^^^ ^- ^^^^^ ^^is division provides a short 

data acquired and stored in step 210 provides a starting sigma value that can effectively be used in the six 

reference for experts, as will be discussed below. sigma quality model. 

At step 220, for each process in the database schema, a The process in accordance with the preferred 

manufacturing or design engineer with working knowledge 20 embodiment, however, does not necessarily end at this point, 

of the process and/or the quality of parts normally delivered As the so-called "industry standard" might change, the 

by suppliers is identified. Then, at step 230, the expert is preferred embodiment of the present invention also inicludes 

queried to elicit his/her particular knowledge with respect to the flexibility to change accordingly. For example, the 

specific processes. Specifically, it is in accordance with a industry standard values are thereafter available, via the 

preferred embodiment to elicit firom the chosen experts what 25 process capability database, for review by plant and sourc- 

is considered to be "industry standard" tolerances. As noted ing personnel as well as any other internal company tech- 

above, the "readily available" data previously stored in the nology staff 

database preferably is used by the engineer or expert as a Additionally, the process capability database preferably is 
startmg reference. From this starting reference the expert ^.^e available to selected suppliers for comment and feed- 
refines the data to conform more accurately with "true, or 30 . i c u • n *u t • %u- *u 
, 1- • J . . J J back. Such sources, especially ifthey are working within the 
more practical or reabstic, industry standards. ■ j • j j . t. ^ r.t. 

In the context of the preferred embodiment of the present "'l""" if^'""'' ^'""^t independent cross check of he 
invention, "industry standard" preferably means a tolerance t^^^' ^"^^^r- ^f.^ ^^^'^^ °f . ^"^^'^'^ 
limit which a wide range of competent global industrial ^^"^ ^^^^^^^^^^^ ^^"^"^^ ^ 
manufacturers meet 99% of the time without special sorting. 35 ®^ ^""^ P'^^^^ ^^^^^^ ^^^^^^^ pubhshed tolerances in 
The standard represents the performance of most companies, manufactunng texts, handbooks, vendor literature and Inter- 
not the few that have adopted and achieved six sigma quality websites, the data in the process capability database can 
levels, nor marginal manufacturers with poor performance. be altered and/or updated as necessary. 
This tolerance level preferably represents what suppliers The foregoing feedback or data review cycles are depicted 
typically promise on a typical part from a controlled process. 40 in FIG. 1 by step 250. If additional information becomes 
That is, the part is not one which has special tolerance available or pertinent then that information is converted to a 
requirements, sorting or undergoes extra operations. In a short term sigma metric immediately, through branch 252, or 
typical supplier lot, one expects the parts to pass a 0.65% alternatively, the information can again be used as a refer- 
AQL (Acceptance Quality Level), 90 out of 100 times. ence point for experts by passing through branch 254. 
Preferably, an industry standard level that is placed in the 45 The end of the process, as depicted in FIG. 1, if in fact an 
database will not be proven by one example of a "best in "end" is desired as the method in accordance with the 
class" supplier, or, likewise, rejected by experience with one preferred embodiment preferably is open and responsive to 
low cost, low quality supplier. changes in industry standards, is step 260. It is noted that the 

llius, returning to step 230 in FIG. 1, an expert is asked ^^^^^ ^ applicable to any database schemas 

to provide tolerance mformation in response to questions 50 ^^^^^^ knowledge is a desirable input and wherein 

about a typical manufacturer. ^^^^^ ^^p^^^ knowledge may be converted to a metric 

(a) for a particular process (e.g. stamping), that is more useful to the implemented quality control 

(b) using a particular method (e.g. single die), model. 

(c) for a particular material (e.g. ferrous, hard), While the present invention has been described with 

(d) in a particular range (e.g. <0.25"diameter), and /or reference to preferred embodiments, it will be understood by 

(e) for a particular feature (e.g. hole). ^^^^ ^^^^ ^^^^ various changes may be made and 
Tlie thus acquired knowledge (data) is in the form of equivalents may be substituted for elements thereof without 

tolerance information. However, such tolerance information departing from the scope of the invention. In addition, many 

is not immediately useful in a six sigma approach to quality 60 modifications may be made to adapt a particular situation or 

control. That is, the tolerance information elicited from the material to the teachings of the invention without departing 

experts must first be manipulated or assimilated to be in a from the essential scope thereof. Therefore, it is intended 

form that can be used in the process capability database. that the invention not be limited to the particular embodi- 

In the six sigma paradigm, standard industry practice ments disclosed as the best mode contemplated for carrying 

results in short term process capability of 4 sigma (4o). This 65 out the invention, but that the invention will include all 

means that a typical parts manufacturer, when quoting a embodiments falling within the scope of the appended 

tolerance of ±x around a mean value of y, delivers such parts claims. 
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What is claimed is: " 

LToSes oS^^^^^ '^^'^ ' T^f °f f - ll.Vei„ said process capa- 

idenn-fying info^a.on associa.^ with a. leas, one of avalfaitr^V^nrxp^l^'iSe ^ "^""^ 

Sfaba'sL'Sh? '^•'"'"""^ P™**^ ''^P*i"«y ■^""■'^ "^'^'^'^ 1®' therein said identifying step 

database with the same; comprBes acxmmulating information from at le^Hne of 

acquiring expert knowledge related to at least one of said ^T"'^™^ """idbooks, literature and Internet services 
categones. said expert knowledge being in the form of of cUim 10, wherein said predetermined 

a tolerance vahie; pn^ess comprises at least one of fabrication, machtog 

converting the thus-acquired tolerance value to a short „ ®' finishing, printing/marking, powder 

term sigma metric; melaUurgy, and drawing/extruding, 

further populating said process capability database with coipriSltTe^ne of J;"' "^^"'"^ '"'^ "^'^^"'^^ 
said short term Sigma metric; and ^P^'^^'^' ""^ a subprocess, a method, material, 

'^Sr»Tii'j™"" ^ 3"'"^'''=^" 

converting said additional information to ashort tL s£ 'Th'T ^ P'"rality of categories for a 

metric, and updating said process capability database ^tb ZtintT^ , T"^ °^ '"''^ "^P"" 

thesame. *^ ' uiodac wiin ^■"■"g discrete acts or feanires of said process; 

3 The method of claim 1, further comprising obtaining « identifying information associated ^th at 

additional infomiation in the form of tolerance vahies. '"'^'/'r /"^ '^''^'^ories and populating said process 

ehcttmg additional expert knowledge based on said addi «ap*ility database with the same; 

aonal mfonnation, wherein said additional expert knowl- ^stnictions for acquiring expert knowledge related to at 

edge IS in the form of a tolerance value, converting said ' °^ categories, said expert knowledge 

additional expert knowledge to a short term sigma metric 30 "^"^ «> fonn of a tolerance value; 

Kir • ".W, ..„„,, ,„g. >»■ m< .ed,.„ „ data „, ft„i„ „„p^^ 

moaei, comprising the steps of: sn 70 tt,^ «^o^- c i ■ ^ 

a^frff. ! f'd categories rept^senting discrete . 21. The medium of claim 20, wherein the insSnsfor 

,wl r J'^^'^^'^S ^'^P "'■"P''^ accumulating inforaSl a 

ider^Iifyrng readily available information associated with """^ °f engineering handbooks. Mterature anTlnteme 

at least one of said categories and populating said services. 

process capabUity database with said readUy available ^l. The medium of claim 17. wherein said predetemiined 

, P™P?^ """Prises at least one of fabrication. macWnTng 

ehci ting expert biowledge related to at least one of said """"'"S' ^"rfa" finishing, printing/marking, powdw 

categories, said expert knowledge being elicited based "'^'^""^gy. and drawing/extruding, 

at least partially, on said readily available infomiation' -"^^ ='a™ 17. wherein said categories 

the hus-ehcted expert knowledge being in the form of least one of a subprocess. a method, material 

a tolerance value; range and feature. ' 

converting said tolerance value to a short term siema r,r^' ""^^"^ "^"^^^ "^^"^"^ said predetermined 
metric by diving said tolerance value by 4- proKss comprises manufacmring a part for a device 

further populating said process capability database will, " .J. f-."'^^ of claim 17. further comprising instnic- 
said short tern, sigma metric; and u ^ ^^^^ ^ "P^**^^ ""^^ P""*** ^P'^^V da^a- 
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26. A computer-readable storage medium encoded with 
machine-readable code for populating a process capability 
database operating, at least in part, under a six sigma quality 
control model, comprising the steps of: 

instructions for defining a plurality of categories for a 
predetermined process, each of said categories repre- 
senting discrete acts or features of said process; 

instructions for identifying readily available infomiation 
associated with at least one of said categories and 
populating said process capability database with said 
readily available information; 

instructions for eliciting expert knowledge related to at 
least one of said categories, said expert knowledge 
being elicited based, at least partially, on said readily 
available information, the thus-elicited expert knowl- 
edge being in the form of a tolerance value; instructions 
for converting said tolerance value to a ^ort term 
sigma metric by diving said tolerance value by 4; 

instructions for further populating said process capability 
database with said short term sigma metric; and 
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instructions for displaying said information and said short 
term sigma metric to a designer. 

27. The medium of claim 26, Sirther comprising instruc- 
tions for iteratively updating said process capability data- 

^ base. 

28. The medium of claim 27, wherein said process capa- 
bOity database is updated with at least one of readily 
available knowledge and expert knowledge. 

29. The medium of claim 26, wherein said identifying step 
comprises accumulating information from at least one of 
engineering handbooks, literature and Internet services. 

30. The medium of claim 26, wherein said predetermined 
process comprises at least one of fabrication, machining, 
molding, surface finishing, printing/marking, powder 
metallurgy, and drawing/extruding. 

15 31. The medium of claim 26, wherein said categories 
comprise at least one of a subprocess, a method, material, 
range and feature. 

32. The medium of claim 26, wherein said predetermined 
process comprises manufacturing a part for a device. 

« « ♦ « * 
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